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© Augmented air supply for fuel cells power plant during transient load increases. 



© The performance of fuel cell power plants using 
air as the oxygen source is reduced during periods 
of load increase because the response of the fuel 
cells to the load change is relatively instantaneous. 
While cell response is instantaneous, changes in air 
supply are not. In order to temporarily increase the 
air supply to the cells during such a load change, 
auxiliary solenoid operated valves having high re- 
sponse characteristics are opened to allow greater 
air flow to the cells. When the oxygen flow rate is 
determined to be sufficient for the measured load, 



^qthe auxiliary valves are closed. 
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Augmented Atr Supply for Fuel Cell Power Plant During Transient Load increases 



Technical Field 

This invention relates to fuel cell power plants, 
and specifically to fuel cell power plants which 
provide increased air flow to the cells during in- 
creased power transitions. 



Background Art 

Fuel cell power systems which utilize air as an. 
oxygen source such as disclosed in U.S. Patent 
No. 3.576.677 to Keating, Jr.. et al. will typically 
supply the air with a constant air supply blower 
having a modulated outlet control valve to maintain 
optimum oxygen utilization in the cells, thereby 
permitting water recovery and good ceil perfor- 
mance. The modulated valve will generally be a 
relatively slow motorized valve. For the vast major- 
ity of operating conditions, such an oxygen supply 
system is perfectly adequate; An exception can 
occur, however, when increased power load de- 
mands are imposed on the cells. One of the posi- 
tive aspects of fuel cell power plant systems is that 
they are substantially instantaneous in responding 
to demands in increased current output or load. 
When an increase in load is met by a fuel cell 
power plant, a concurrent and equally quick in- 
crease in reactant supply should also occur to 
ensure proper operation of the fuel cell power 
plant This is especially true for large scale in- 
creases in power output. This relatively instanta- 
neous increase in oxygen supply will not occur with 
the prior art motorized modulated air supply valve 
because this type of valve is incapable of such 
quick changes in its capacity, especially in large 
size butterfly valves. It can take the conventional 
motorized modulating valve a number of seconds 
to adjust its feed rate to a new higher rate required 
because of an increase in load imposed on the 
power plant. During this interval, oxygen starvation 
can occur causing unstable operating conditions. 
Reduced cell voltage, increased current, fuel star- 
vation and anode corrosion can result. The power 
plant will fail to produce the power demanded and 
may shut down due to out of limits conditions. 



Disclosure of Invention 

This invention provides for improved cell per- 
formance during periods of power output increases 
by incorporating a plurality of auxiliary air supply 
valves in parallel lines from the blower to the 



oxygen inlet side of the cell stack, which parallel 
lines bypass the modulating valve. The auxiliary 
valves are fast acting solenoid valves, typically 
operating in about 100 milliseconds after being 

5* energized. These valves are normally closed during 
operation of the power plant, and open for transient 
periods of time, only on command. Operation of 
the power plant is preferably controlled by a micro- 
processor. A current sensor connected to the 

io microprocessor control is operable to monitor the 
power output of the power section. The micropro- 
cessor controls both the modulating valve and the 
solenoid valves. When an increase in power output 
is detected and relayed to the microprocessor, the 

;s latter opens a set of the solenoid auxiliary valves 
and also signals the modulating valve to adjust to 
allow more air into the power section. The micro- 
processor is programmed to close the auxiliary 
valves once the modulating valve has opened to 

20 the degree required by the magnitude of the 
sensed power output increase. There will prefer- 
ably be more than one auxiliary valve set to pro- 
vide for markedly increased air flow in the event 
that the load increase is excessive. 

25 It is therefore an object of this invention to 

provide an improved fuel cell power plant with 
safeguards against oxygen starvation occurring 
when increases in power output are imposed upon 
the cells. 

30 It is another object of this invention to provide 

a power plant of the character described which 
operates with a constant output pressurized air 
blower to provide air to the fuel cells through a 
primary variable flow rate valve. 

35 It is an additional object of this invention to 

provide a power plant of the character described 
wherein auxiliary air is supplied to the cells subse- 
quent to an increase in power output of the plant. 
It is a further object of this invention to provide 

40 a power plant of the character described wherein 
the supply of auxiliary air is terminated after adjust- 
ment of the primary variable flow rate valve is 
completed. 

It is yet another object of this invention to 
45 provide a power plant of the character described 
wherein the primary and auxiliary air valves are 
controlled by a microprocessor which reacts to 
input from a current sensor monitoring the load on 
the fuel cells. 

so These and other objects and advantages of the 
invention will become more readily apparent from 
the following detailed description of a preferred 
embodiment of the invention when taken in con- 
junction with the accompanying drawings. 
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Brief Description of the Drawings 

Fig. 1 is a schematic diagram of a portion of 
a preferred embodiment of a fuel cell power plant 
formed in accordance with this invention. 
* Fig. 2 is a graphic representation of the 

manner in which actual load changes occur in the 
power plant and the manner in which oxygen flow 
chances in response to modulation of the motor- 
ized air flow valve; and 

Fig. 3 is a software flow chart outlining the 
manner in which the microprocessor control for the 
power plant controls the solenoid valves and the 
primary air flow control valve. 

Best Mode for Carrying Out the Invention 

Referring now to Fig. 1, there is shown in 
schematic form, the air supply portion and power 
section of a fuel cell power plant which operates in 
accordance with this invention. The power section, 
denoted generally by the numeral 2, includes a 
cathode side 4, an anode side 6 and and an 
intermediate electrolyte matrix portion 8. While the 
power section 2 is shown in the schematic diagram 
as a single fuel cell, it will be readily appreciated 
that the power section will actually typically com- 
prise one or more stacks of fuel cells. Oxygen is 
supplied to the cathode side 4 of the power section 
2 by a constant speed blower 10 which blows 
ambient air into the cathode side via air conduit 12. 
A primary air flow control valve 14 is mounted in 
the cathode inlet air conduit 12. the valve 14 being 
a modulated valve which is operated by fixed rate 
motor 16. which, in turn, is controlled by the power 
plant microprocessor control 18. The control 18 is 
thus able to adjust the rate at which air flows 
through the valve 14 by selectively operating the 
motor 16. A flow meter 20 is mounted in the 
conduit 12 between the primary control valve 14 
and the cathode side 4 of the power section 2 to 
monitor the flow rate of oxygen entering the cath- 
ode. The flow meter 20 is preferably a solid state 
mass flow meter, and is also operably connected to 
the power plant microprocessor control 18. 

Upstream of the primary air flow control valve 
14. between the latter and the blower 10, there is 
disposed a first branch air conduit 22 which leads 
to flow bypass conduits 24, 26, 28 and 30. Each of 
the bypass conduits 24, 26. 28 and 30 has moun- 
ted therein a solenoid valve A. B, C and D respec- 
tively. The solenoid valves A, B, C and D are quick 
opening valves which are either fully closed or fully 
open, and are normally biased closed during op- 
eration of the power plant. The solenoid valves A. 
B, C and D are operably connected to the power 
plant microprocessor control 18. and are selectively 



operated thereby, as will be set forth in greater 
detail hereinafter. The bypass conduits 24. 26. 28 
and 30 are connected to a second branch conduit 
32 -which reenters the oxygen inlet conduit 12 

5 downstream of the primary air flow control valve 
14. A current or load monitor 34 is connected to 
the power plant production circuit to monitor the 
current being produced by the power section 2. 
The current monitor 34 is also operably connected 

io to the power plant microprocessor control 18. 

Referring now to Fig. 2. a graphic representa- 
tion of output current demand, or load, is shown for 
the power section during a transient increase, and 
also during opening of the motorized primary con- 

75 trol valve 14. In Fig. 2, the Y axis denotes load or 
current I in amps, and the X axis denotes time T. 
The solid line indicates a change in load 1 during a 
power demand transient increase, and the phantom 
line denotes theoretical current production change 

20 or power delivered as a result of increased oxygen 
flow to the cathode due to opening of the motor- 
ized valve. Since the changes in load occur sub- 
stantially instantaneously while the changes in oxy- 
gen flow increase steadily at a fixed rate so long as 

25 the motorized control vatve is being opened, there 
will be a difference in load current demand and 
theoretical current produced by available oxygen 
from the motorized control valve, this difference 
being denoted by IA in Fig. 2. It will be seen that 

30 IA will steadily decrease as the motorized valve 
opens until the oxygen flow rate through the motor- 
ized valve is sufficient to supply the load current 
demand. It is during time periods when there exists 
an IA that risk of oxygen starvation and perfor- 

35 mance deficit is present. The greater the IA when 
the load transient increase occurs, the longer time 
it will take the oxygen flow rate through the motor- 
ized valve to catch up, and the greater the danger 
of cell damage. 

40 The microprocessor control 18 is constantly 
fed information from the flow meter 20 so that the 
microprocessor control 18 always knows the exist- 
ing setting of the motorized control valve 14, Like- 
wise, the control 18 is preprogrammed to know the 

45 fixed rate at which the control valve 14 opens and 
closes. The current output monitor 34 constantly 
feeds information to the control 18 as to the exist- 
ing load imposed on the power section 2. When- 
ever the imposed load increases, the control 18 

so can calculate the time needed for opening the 
control valve 14 until the control valve 14 will reach 
a setting that will satisfy the increased load with 
oxygen flowing through the valve 14. The control 
18 is preprogrammed to selectively open some or 

55 all of the auxiliary solenoid valves A. B, C and D 
upon detecting an IA value which is above one or 
more preselected values, and is also preprogram- 
med to selectively close the solenoid valves A. B. 
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C and D when the IA drops below one or more 
lower preselected values. The preselected opening 
IA values are such that the power section 2 will not 
risk damage from relying solely on the motorized 
valve 14 when presented with initial I A values that s 
are less than the preselected opening IA values. 
The preselected closing IA values are low enough 
to ensure that the solenoid valves will not be con- 
stantly opening and closing, and thus incurring 
wear, simply because IA fluctuates near the w 
preselected IA opening values during operation of 
the system. If the control 18 is fed an I A value 
from the output monitor 34 which does not exceed 
the lower preprogrammed opening I A value, then 
the control 18 will calculate the time needed to is 
open the motorized valve 14 to meet the new I A, 
and will then open the motorized valve for that 
calculated time period. 

Referring now to Fig. 3, there is shown a 
software flow chart which describes operation of 20 
the microprocessor control 18. and the valves 14. 
as well as the solenoid valves A, B, C and D. In the 
system shown in Rg. 3, the solenoid valves are 
operated as pairs, so that valves A and B will open 
and close together, and valves C and D will also 25 
open and close together. This mode of operation is 
merely one of many modes in which the invention 
can be used, and was selected primarily because 
of the sizes of commercially available solenoid 
valves. Also, in the system described in Rg. 3, the 30 
valve pair A and B open and close first, while the 
valve pair C and D open and close second. This 
means merely that if the IA measured is such that 
only two solenoid valves are needed to augment 
the motorized valve, then A and B will be opened 35 
and C and 0 will remain closed. In the procedure 
outlined in Fig. 3. it will be noted that the micropro- 
cessor checks the condition of the initial solenoid 
valves A and B at half second intervals and adjusts 
the motorized valve accordingly. If, in these half 40 
second sweeps, the solenoid valves A and B are 
found to be closed, the control compares the oxy- 
gen flow rate schedule W with the actual flow rate 
and adjusts the motorized valve accordingly. At 
one tenth of a second intervals, the control checks- 45 
both valve sets A, B and C, D and checks the 
current ramp function F. which is related to I A, and' 
decides whether A. B and C, D should be opened 
or closed. It is noted that the valves A and B are 
checked first and properly adjusted, whereafter the so 
valves C and D are checked and properly adjusted. 
It will also be noted that the half second sweeps 
are followed by the tenth of a second check of the 
solenoid valves. 

It will be readily understood that the system of 55 
this invention is simple to install and automatically 
operable by appropriately programming a micro- 
processor power plant control system. Oxygen 



starvation during transient load increases is pre- 
vented, but the cells are not fed excessive amounts 
of oxygen for long periods of time diluting the 
power plant exhaust so that the recovery of product 
water is not adversely affected. The hardware used 
to construct the system of this invention is com- 
mercially available so that the system is relatively 
economical to construct. In addition, existing sys- 
tems can be readily retrofitted to operate in accor- 
dance with this invention. 

Since many changes and variations of this dis- 
closed embodiment of the invention may be made 
without departing from the inventive concept, it is 
not intended to limit the invention otherwise than as 
required by the appended claims. 



Claims 

1. in a fuel cell power plant a system for 
supplying air to an oxidation side of the cells in the 
plant, said system comprising: 

a) conduit means for feeding air to said 
oxidation side of said plant; 

b) a constant speed blower connected to 
said conduit means for blowing an air stream into 
said conduit means at a constant velocity; 

c) a motorized control valve in said conduit 
means between said blower and said oxidation 
side, said control valve being adjustable to vary the 
amount of air flowing to said oxidation side; 

d) branch conduit means opening into said 
conduit means for providing an air flow path from 
said blower to said oxidation side which bypasses 
said control valve; 

e) fast acting valve means in said branch 
conduit means, said fast acting valve means being 
relatively instantly transformable from a closed 
condition to an open condition and return, and said 
fast acting valve means being normally in said 
closed conditon: 

f) flow meter means in said conduit means 
for measuring amounts of oxygen flowing from said 
control valve and said fast acting valve means to 
said oxidation side; 

g) current monitoring means connected to a 
load line from the power plant for monitoring load 
changes imposed. upon the cells in the power plant; 
and 

h) microprocessor means for controlling op- 
eration of said system, said microprocessor means 
being operably connected to said current monitor- 
ing means, to said flow meter means, to said fast 
acting valve means, and to said control valve, said 
microprocessor means being operable to: 

i) receive load and oxygen flow data from said 
monitoring and sensor means respectively; 

ii) continually determine if said control valve is 
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capable of providing sufficient oxygen to satisfy 
existing load demands: 

iii) open said control valve incrementally when said 
control valve can independently provide increased 
oxygen in a timely manner responsive to increased 
load demand; and 

iv) open said fast acting valve means and simulta- 
neously open said control valve in continued fash- 
ion, when said control valve cannot independently 
provide increased oxygen in a timely manner re- 
sponsive to increased load demand, whereby the 
lower plant will not suffer from oxygen starvation 
during transient increases in load demand. 

2. The fuel ceil power plant system of claim 1 
wherein said microprocessor means is further op- 
erable to close said fast acting valve means when 
existing oxygen flow rate from said fast acting 
valve means and said control valve reaches a pre- 
viously inputted value which is a precalculated 
amount capable of supporting the concurrently ex- 
isting load demand. 

3. The fuel cell power plant system of claim 1 
or 2 wherein said fast acting valve means com- 
prises a plurality of solenoid valves, and wherein 
said microprocessor means is operable to open 
less than all of said solenoid valves when oxygen 
supply shortfall from said control valve is a smaller 
first precalculated amount less than that required to 
support ongoing load demand, and is further op- 
erable to open all of said solenoid valves when 
oxygen supply shortfall from said control valve is a 
second larger amount less than that required to 
support ongoing load demand. 

4. A method for supplying oxygen to a fuel cell 
system during extended operating periods, said 
method comprising the steps of: 

a) continuously monitoring load demand im- 
posed on said fuel cell system; 

b) continuously monitoring oxygen flow rate 
into said fuel cell system; 

c) periodically comparing measured loads 
and measured oxygen flow rates with a precal- 
culated steady state flow schedule and comparing 
measured oxygen flow rate deviations from said 
steady state flow schedule; 

d) gradually increasing the oxygen flow rates 
to the fuel cell system when said measured oxygen 
flow rate deviations are less than a first predeter- 
mined value: and 

e) simultaneously substantially instanta- 
neously providing augmented oxygen flow to in- 
crease the oxygen flow rates to the fuel cell system 
when said oxygen flow rate deviations exceed said 
first predetermined value. 

5. The method of claim 4 further comprising 
the step of substantially instantaneously terminating 
the augmented oxygen flow when said oxygen flow 



rate deviations are below a second predetermined 
value which second predetermined value is less 
than said first predetermined value. 

6 The method of claim 5 further comprising the 

5 step of continuing to gradually increase the oxygen 
flow rates after terminating the augmented oxygen 
flow, until such time as the measured oxygen flow 
rates conform to the precalculated steady state 
flow schedule, and thereafter providing a steady 

jo flow of oxygen will respond to negative deviations, 
too, by closing the motorized valve. 
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© Augmented air supply for fuel cells power plant during transient load increases. 

© The performance of fuel cell power plants using 
air as the oxygen source is reduced during periods 
of load increase because the response of the fuel 
cells to the load change is relatively instantaneous. 
While cell response is instantaneous, changes in air 
supply are not In order to temporarily increase the 
air supply to the cells during such a load change, 
auxiliary solenoid operated valves (A,B,C,D) having 
high response characteristics are opened to allow 
greater air flow to the cells (2). When the oxygen 
flow rate is determined to be sufficient for the mea- 
sured load, the auxiliary valves are closed. 
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Description 

Technical Field 

This invention relates to fuel cell power plants, 
and specifically to fuel cell power plants which 
provide increased air flow to the cells during in- 
creased power transitions. 

Background Art 

Fuel cell power systems which utilize air as an 
oxygen source such as disclosed in U.S. Patent 
No. 3,576,677 to Keating, Jr., et al. will typically 
supply the air with a constant air supply blower 
having a modulated outlet control valve to maintain 
optimum oxygen utilization in the cells, thereby 
permitting water recovery and good cell perfor- 
mance. The modulated valve will generally be a 
relatively slow motorized valve. For the vast major- 
ity of operating conditions, such an oxygen supply 
system is perfectly adequate. An exception can 
occur, however, when increased power load de- 
mands are imposed on the cells. One of the posi- 
tive aspects of fuel cell power plant systems is that 
they are substantially instantaneous in responding 
to demands in increased current output or load. 
When an increase in load is met by a fuel cell 
power plant, a concurrent and equally quick in- 
crease in reactant supply should also occur to 
ensure proper operation of the fuel cell power 
plant. This is especially true for large scale in- 
creases in power output. This relatively instanta- 
neous increase in oxygen supply will not occur with 
the prior art motorized modulated air supply valve 
because this type of valve is incapable of such 
quick changes in its capacity, especially in large 
size butterfly valves. It can take the conventional 
motorized modulating valve a number of seconds 
to adjust its feed rate to a new higher rate required 
because of an increase in load imposed on the 
power plant. During this interval, oxygen starvation 
can occur causing unstable operating conditions. 
Reduced cell voltage, increased current, fuel star- 
vation and anode corrosion can result. The power 
plant will fail to produce the power demanded and 
may shut down due to out of limits conditions. 

In Patent Abstracts of Japan, Vol. 9, No. 240 
(E345) [1963], 26th September 1985, it is disclosed 
to adjust the amount of oxident gas to the actual 
demands by load dependent feedback control. 

In Patent Abstracts of Japan, Vo. 10. No. 240 
(E429) [2296], 19th August 1986, it is disclosed to 
avoid delayed feeding of reaction gas to fuel cells 
by storing reaction gas in an accumulator and 
adding a required amount thereof to the reaction 
gas supplied to the fuel cells, the amount being 
controlled by making use of rapid changes in cell 



load. 

In JP-A-61 263 065 it is diclosed to avoid 
temporary shortage of fuel and oxygen when the 
power load connected to the fuel cell system rises 
5 abruptly by providing fuel and oxygen gas sources 
adapted to supply a required amount of fuel or 
oxygen gas into the respective feed passage upon 
receiving a load rise signal. 

io Disclosure of Invention 

This invention provides for improved cell per- 
formance during periods of power output increases 
by incorporating a plurality of auxiliary air supply 

75 valves in parallel lines from the blower to the 
oxygen inlet side of the cell stack, which parallel 
lines bypass the modulating valve. The auxiliary 
valves are fast acting solenoid valves, typically 
operating in about 100 milliseconds after being 

20 energized. These valves are normally closed during 
operation of the power plant, and open for transient 
periods of time, only on command. Operation of 
the power plant is preferably controlled by a micro- 
processor. A current sensor connected to the 

25 microprocessor control is operable to monitor the 
power output of the power section. The micropro- 
cessor controls both the modulating valve and the 
solenoid valves. When an increase in power output 
is detected and relayed to the microprocessor, the 

30 latter opens a set of the solenoid auxiliary valves 
and also signals the modulating valve to adjust to 
allow more air into the power section. The micro- 
processor is programmed to close the auxiliary 
valves once the modulating valve has opened to 

35 the degree required by the magnitude of the 
sensed power output increase. There will prefer- 
ably be more than one auxiliary valve set to pro- 
vide for markedly increased air flow in the event 
that the load increase is excessive. 

40 It is therefore an object of this invention to 

provide an improved fuel cell power plant with 
safeguards against oxygen starvation occurring 
when increases in power output are imposed upon 
the cells. 

45 It is another object of this invention to provide 

a power plant of the character described which 
operates with a constant output pressurized air 
blower to provide air to the fuel cells through a 
primary variable flow rate valve. 

so It is an additional object of this invention to 

provide a power plant of the character described 
wherein auxiliary air is supplied to the cells subse- 
quent to an increase in power output of the plant. 
It is a further object of this invention to provide 

55 a power plant of the character described wherein 
the supply of auxiliary air is terminated after adjust- 
ment of the primary variable flow rate valve is 
completed. 
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It is yet another object of this invention to 
provide a power plant of the character described 
wherein the primary and auxiliary air valves are 
controlled by a microprocessor which reacts to 
input from a current sensor monitoring the load on 
the fuel cells. 

These and other objects and advantages of the 
invention will become more readily apparent from 
the following detailed description of a preferred 
embodiment of the invention when taken in con- 
junction with the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a schematic diagram of a portion of a 
preferred embodiment of a fuel cell power plant 
formed in accordance with this invention. 
Fig. 2 is a graphic representation of the manner 
in which actual load changes occur in the power 
plant and the manner in which oxygen flow 
chances in response to modulation of the motor- 
ized air flow valve; and 

Fig. 3 is a software flow chart outlining the 
manner in which the microprocessor control for 
the power plant controls the solenoid valves and 
the primary air flow control valve. 

Best Mode for Carrying Out the Invention 

Referring now to Fig. 1, there is shown in 
schematic form, the air supply portion and power 
section of a fuel cell power plant which operates in 
accordance with this invention. The power section, 
denoted generally by the numeral 2, includes a 
cathode side 4, an anode side 6 and and an 
intermediate electrolyte matrix portion 8. While the 
power section 2 is shown in the schematic diagram 
as a single fuel cell, it will be readily appreciated 
that the power section will actually typically com- 
prise one or more stacks of fuel cells. Oxygen is 
supplied to the cathode side 4 of the power section 
2 by a constant speed blower 10 which blows 
ambient air into the cathode side via air conduit 12. 
A primary air flow control valve 14 is mounted in 
the cathode inlet air conduit 12, the valve 14 being 
a modulated valve which is operated by fixed rate 
motor 16, which, in turn, is controlled by the power 
plant microprocessor control 18. The control 18 is 
thus able to adjust the rate at which air flows 
through the valve 14 by selectively operating the 
motor 16. A flow meter 20 is mounted in the 
conduit 12 between the primary control valve 14 
and the cathode side 4 of the power section 2 to 
monitor the flow rate of oxygen entering the cath- 
ode. The flow meter 20 is preferably a solid state 
mass flow meter, and is also operably connected to 
the power plant microprocessor control 18. 

Upstream of the primary air flow control valve 



14, between the latter and the blower 10, there is 
disposed a first branch air conduit 22 which leads 
to flow bypass conduits 24, 26, 28 and 30. Each of 
the bypass conduits 24, 26, 28 and 30 has moun- 

5 ted therein a solenoid valve A, B, C and D respec- 
tively. The solenoid valves A, B, C and D are quick 
opening valves which are either fully closed or fully 
open, and are normally biased closed during op- 
eration of the power plant. The solenoid valves A, 

w B, C and D are operably connected to the power 
plant microprocessor control 1 8, and are selectively 
operated thereby, as will be set forth in greater 
detail hereinafter. The bypass conduits 24, 26, 28 
and 30 are connected to a second branch conduit 

75 32 which reenters the oxygen inlet conduit 12 
downstream of the primary air flow control valve 
14. A current or load monitor 34 is connected to 
the power plant production circuit to monitor the 
current being produced by the power section 2. 

20 The current monitor 34 is also operably connected 
to the power plant microprocessor control 18. 

Referring now to Fig. 2, a graphic representa- 
tion of output current demand, or load, is shown for 
the power section during a transient increase, and 

25 also during opening of the motorized primary con- 
trol valve 14. In Fig. 2, the Y axis denotes load or 
current I in amps, and the X axis denotes time T. 
The solid line indicates a change in load during a 
power demand transient increase, and the phantom 

30 line denotes theoretical current production change 
or power delivered as a result of increased oxygen 
flow to the cathode due to opening of the motor- 
ized valve. Since the changes in load occur sub- 
stantially instantaneously while the changes in oxy- 

35 gen flow increase steadily at a fixed rate so long as 
the motorized control valve is being opened, there 
will be a difference in load current demand and 
theoretical current produced by available oxygen 
from the motorized control valve, this difference 

40 being denoted by IA in Fig. 2. It will be seen that 
IA will steadily decrease as the motorized valve 
opens until the oxygen flow rate through the motor- 
ized valve is sufficient to supply the load current 
demand. It is during time periods when there exists 

45 an I A that risk of oxygen starvation and perfor- 
mance deficit is present. The greater the IA when 
the load transient increase occurs, the longer time 
it will take the oxygen flow rate through the motor- 
ized valve to catch up, and the greater the danger 

so of cell damage. 

The microprocessor control 18 is constantly 
fed information from the flow meter 20 so that the 
microprocessor control 18 always knows the exist- 
ing setting of the motorized control valve 14. Like- 

55 wise, the control 18 is preprogrammed to know the 
fixed rate at which the control valve 14 opens and 
closes. The current output monitor 34 constantly 
feeds information to the control 18 as to the exist- 
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ing load imposed on the power section 2. When- 
ever the imposed load increases, the control 18 
can calculate the time needed for opening the 
control valve 14 until the control valve 14 will reach 
a setting that will satisfy the increased load with 
oxygen flowing through the valve 14. The control 
18 is preprogrammed to selectively open some or 
all of the auxiliary solenoid valves A, 6, C and D 
upon detecting an IA value which is above one or 
more preselected values, and is also preprogram- 
med to selectively close the solenoid valves A, B, 
C and D when the IA drops below one or more 
lower preselected values. The preselected opening 
I A values are such that the power section 2 will not 
risk damage from relying solely on the motorized 
valve 14 when presented with initial IA values that 
are less than the preselected opening IA values. 
The preselected closing I A values are low enough 
to ensure that the solenoid valves will not be con- 
stantly opening and closing, and thus incurring 
wear, simply because IA fluctuates near the 
preselected IA opening values during operation of 
the system. If the control 18 is fed an I A value 
from the output monitor 34 which does not exceed 
the lower preprogrammed opening IA value, then 
the control 18 will calculate the time needed to 
open the motorized valve 14 to meet the new I A, 
and will then open the motorized valve for that 
calculated time period. 

Referring now to Fig. 3, there is shown a 
software flow chart which describes operation of 
the microprocessor control 18, and the valves 14, 
as well as the solenoid valves A, B, C and D. In the 
system shown in Fig. 3, the solenoid valves are 
operated as pairs, so that valves A and B will open 
and close together, and valves C and D will also 
open and close together. This mode of operation is 
merely one of many modes in which the invention 
can be used, and was selected primarily because 
of the sizes of commercially available solenoid 
valves. Also, in the system described in Fig. 3, the 
valve pair A and B open and close first, while the 
valve pair C and D open and close second. This 
means merely that if the IA measured is such that 
only two solenoid valves are needed to augment 
the motorized valve, then A and B will be opened 
and C and D will remain closed. In the procedure 
outlined in Fig. 3, it will be noted that the micropro- 
cessor checks the condition of the initial solenoid 
valves A and B at half second intervals and adjusts 
the motorized valve accordingly. If, in these half 
second sweeps, the solenoid valves A and B are 
found to be closed, the control compares the oxy- 
gen flow rate schedule W with the actual flow rate 
and adjusts the motorized valve accordingly. At 
one tenth of a second intervals, the control checks 
both valve sets A, B and C, D and checks the 
current/ramp function F, which is related to IA, and 



decides whether A, B and C, D should be opened 
or closed. It is noted that the valves A and B are 
checked first and properly adjusted, whereafter the 
valves C and D are checked and properly adjusted. 

5 It will also be noted that the half second sweeps 
are followed by the tenth of a second check of the 
solenoid valves. 

It will be readily understood that the system of 
this invention is simple to install and automatically 

10 operable by appropriately programming a micro- 
processor power plant control system. Oxygen 
starvation during transient load increases is pre- 
vented, but the cells are not fed excessive amounts 
of oxygen for long periods of time diluting the 

75 power plant exhaust so that the recovery of product 
water is not adversely affected. The hardware used 
to construct the system of this invention is com- 
mercially available so that the system is relatively 
economical to construct. In addition, existing sys- 

20 terns can be readily retrofitted to operate in accor- 
dance with this invention. 

Claims 

25 1. A fuel cell power plant with a system for sup- 
plying oxygen to an oxidation side (4) of the 
cells in the plant, said system comprising: 
(a) conduit means (12) for feeding oxygen 
to said oxidation side (4) of said plant; 
30 (b) a constant speed blower (10) connected 

to said conduit means (1 2) for providing the 
required feed of oxygen. 

(c) a motorized control valve (14) in said 
conduit means (12) between said blower 

35 (10) and said oxidation side (4), said control 

valve being adjustable to vary the amount of 
oxygen flowing to said oxidation side; 

(d) branch conduit means (22, 24, 26, 28, 
30, 32) opening into said conduit means 

40 (12) for providing an oxygen flow path from 

said blower (10) to said oxidation side (4) 
which bypasses said control valve (1 4); 

(e) fast acting valve means (A, B, C, D) in 
said branch conduit means, said fast acting 

45 valve means being relatively instantly trans- 

formable from a closed condition to an open 
condition and return, and said fast acting 
valve means being normally in said closed 
condition; 

50 (f) flow meter means (20) in said conduit 

means (12) for measuring amounts of oxy- 
gen flowing from said control valve (14) and 
said fast acting valve means (A, B, C, D) to 
said oxidation side (4); 

55 (g) current monitoring means (34) connect- 

ed to a load line from the power plant for 
monitoring load changes imposed upon the 
cells (2) in the power plant; and 
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(h) microprocessor means (18) for control- 
ling operation of said system, said micro- 
processor means being operably connected 
to said current monitoring means (34), to 
said flow meter means (20), to said fast 5 
acting valve means (A, B, C, D), and to said 
control valve (14), said microprocessor 
means being operable to: 

(i) receive load and oxygen flow data 
from said monitoring (34) and sensor (20) w 
means, respectively; 

(it) continually determine if said control 
valve (14) is capable of providing suffi- 
cient oxygen to satisfy existing load de- 
mands; 75 

(iii) open said control valve (14) incre- 
mentally when said control valve can in- 
dependently provide increased oxygen in 
a timely manner responsive to increased 

load demand; and 20 

(iv) open said fast acting valve means (A, 
B, C, D) and simultaneously open said 
control valve (14) in continued fashion, 
when said control valve cannot indepen- 
dently provide increased oxygen in a 25 
timely manner responsive to increased 

load demand, whereby the power plant 
will not suffer from oxygen starvation 
during transient increases in load de- 
mand. 30 

2. The fuel cell power plant of claims 1, wherein 
said microprocessor means (18) is further op- 
erable to close said fast acting valve means (A, 

B, C, D) when existing oxygen flow rate from 35 
said fast acting valve means and said control 
valve (14) reaches a previously inputtet value 
which is a precalculated amount capable of 
supporting the concurrently existing load de- 
mand. 40 

3. The fuel cell power plant of any one of claims 
1 to 2, wherein said fast acting valve means 
(A, B, C, D) comprises a plurality of solenoid 
valves, and wherein said microprocessor 45 
means (18) is operable to open less than all of 

said solenoid valves when oxygen supply 
shortfall from said control valve is a smaller 
first precalculated amount less than that re- 
quired to support ongoing load demand, and is 50 
further operable to open all of said solenoid 
valves when oxygen supply shortfall from said 
control valve is a second larger amount less 
than that required to support ongoing load de- 
mand. 55 

4. A method for supplying oxygen to a fuel cell 
system (2) of a fuel cell power plant during 



extended operating periods, said method com- 
prising the steps of: 

(a) blowing the required feed of oxygen 
through a conduit means (12) to an oxida- 
tion side (4) of said fuel cell system (2); 

(b) continuously monitoring load demand 
imposed on said fuel cell system (2); 

(c) continuously monitoring oxygen flow rate 
into said fuel cell system (2); 

(d) periodically comparing measured loads 
and measured oxygen flow rates with a 
precalculated steady state flow schedule 
(W) and comparing measured oxygen flow 
rate deviations from said steady state flow 
schedule; 

(e) gradually increasing the oxygen flow 
rates to the fuel cell system when said 
measured oxygen flow rate deviations are 
less than a first predetermined value by 
opening incrementally a motorized control 
valve (14) in said conduit means (12); and 

(f) simultaneously substantially instanta- 
neously providing augmented oxygen flow 
to increase the oxygen flow rates to the fuel 
cell system (2) when said oxygen flow rate 
deviations exceed said first predetermined 
value by opening fast acting valve means 
(A, B, C, D) arranged in branch conduit 
means (22, 24, 26, 28, 30, 32) bypassing 
said control valve (1 4). 

5. The method of claim 4 further comprising the 
step of substantially instantaneously terminat- 
ing the augmented oxygen flow when said 
oxygen flow rate deviations are below a sec- 
ond predetermined value which second pre- 
determined value is less than said first pre- 
determined value. 

6. The method of claim 5 further comprising the 
step of continuing to gradually increase the 
oxygen flow rates after terminating the aug- 
mented oxygen flow, until such time as the 
measured oxygen flow rates conform to the 
precalculated steady state flow schedule (W) t 
and thereafter providing a steady flow of oxy- 
gen. 

Patentanspriiche 

1. Brennstoffzellen-Stromerzeugungsanlage mit 
einem System zur Zufuhrung von Sauerstoff 
an eine Oxidationsseite (4) der Zellen in der 
Anlage, wobei das System aufweist: 

(a) eine Leitungseinrichtung (12) zur ZufUh- 
rung von Sauerstoff zur Oxidationsseite (4) 
der Anlage; 

(b) ein mit konstanter Geschwindigkeit ar- 
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beitendes Geblase (10), das mit der Lei- 
tungseinrichtung (12) zur Schaffung der er- 
forderlichen Zufuhrung von Sauerstoff ver- 
bunden ist; 

(c) ein motorisiertes Steuerventil (14) in der 
Leitungseinrichtung (12) zwischen dem Ge- 
blase (10) und der Oxidationsseite (4), wo- 
bei das Steuerventil einstellbar ist zur Ande- 
rung der zur Oxidationsseite stromenden 
Sauerstoffmenge; 

(d) eine Abzweigleitungseinrichtung 
(22,24,26,28,30,32), die zu der Leitungsein- 
richtung (12) often ist, um einen Sauer- 
stoff stromungsweg von dem Geblase (10) 
zur Oxidationsseite (4) zu schaffen, der das 
Steuerventil (14) umgeht; 

(e) eine schnell agierende Ventileinrichtung 
(A,B,C,D) in der Abzweigleitungseinrichtung, 
wobei die schnell agierende Ventileinrich- 
tung relativ augenblickltch von einem ge- 
schlossenen Zustand in einen geoffneten 
Zustand und umgekehrt bringbar ist, und 
wobei die schnell agierende Ventileinrich- 
tung sich normalerweise in geschlossenem 
Zustand befindet; 

(f) eine Durchfluflme/teinrichtung (20) in der 
Leitungseinrichtung (12) zur Messung der 
vom Steuerventil (14) und der schnell agie- 
renden Ventileinrichtung (A,B,C,D) zur Oxi- 
dationsseite (4) stromenden Sauerstoffmen- 
gen; 

(g) eine Stromuberwachungseinrichtung 
(34), die an eine von der Stromerzeugungs- 
anlage abgehende Lastleitung angeschlos- 
sen ist, zur Uberwachung von Lastanderun- 
gen, die den Zellen (2) in der Stromerzeu- 
gungsanlage auferlegt werden; und 

(h) eine Mikroprozessoreinrichtung (18) zur 
Steuerung des Betriebs des Systems, wobei 
die Mikroprozessoreinrichtung betriebsma- 
B\g verbunden ist mit der Stromuberwa- 
chungseinrichtung (34), der DurchfluJ3me0- 
einrichtung (20), der schnell agierenden 
Ventileinrichtung (A.B.C.D) und dem Steuer- 
ventil (14), wobei die Mikroprozessoreinrich- 
tung betreibbar ist zur: 

(i) Aufnahme von Last- und Sauerstoffs- 
tromungsdaten von der Oberwachungs- 
einrichtung (34) und der Sensoreinrich- 
tung (20); 

(ii) kontinuierlichen Bestimmung, ob das 
Steuerventil (14) fahig ist, geniigend 
Sauerstoff zu liefern, um die bestehen- 
den Lastanforderungen zu befriedigen; 

(iii) zunehmenden Offnung des Steuer- 
ventils (14), wenn das Steuerventil (14) 
unabhangig rechtzeitig mehr Sauerstoff 
in Reaktion auf angestiegene Lastanfor- 



derung bereitstellen kann; und 
(iv) Offnung der schnell agierenden Ven- 
tileinrichtung (A,B,C,D) und gleichzeiti- 
gen, fortschreitenden Offnung des Steu- 

5 erventils (14), wenn das Steuerventil (14) 

nicht unabhangig rechtzeitig mehr Sauer- 
stoff in Reaktion auf angestiegene Last- 
anforderung bereitstellen kann, wodurch 
die Stromerzeugungsanlage wahrend 

w Ubergangsanstiegen der Lastanforderung 

nicht an Sauerstoffmangel leidet. 

2. Brennstoffzellen-Stromerzeugungsanlage nach 
Anspruch 1 , bei der die Mikroprozessoreinrich- 

75 tung (18) daruber hinaus betreibbar ist zum 

Schliej3en der schnell agierenden Ventileinrich- 
tung (A,B,C,D), wenn der bestehende Sauer- 
stoff durchsatz von der schnell agierenden Ven- 
tileinrichtung und dem Steuerventil (14) einen 

20 vorher eingegebenen Wert erreicht, der einer 

vorausberechneten Menge entspricht, die in 
der Lage ist, die gleichzeitig bestehende Last- 
anforderung zu stutzen. 

25 3. Brennstoffzellen-Stromerzeugungsanlage nach 
Anspruch 1 oder 2, bei der die schnell agieren- 
de Ventileinrichtung (A.B.C.D) mehrere Ma- 
gnetventtle aufweist, und bei der die Mikropro- 
zessoreinrichtung (18) betreibbar ist zum Off- 

30 nen von weniger als samtlichen Magnetventi- 

len, wenn der Sauerstoffversorgungsmangel 
vom Steuerventil um eine kleinere, erste, vor- 
ausberechnete Menge kleiner ist als die Men- 
ge, die erforderlich ist, um die fortbestehende 

35 Lastanforderung zu stOtzen, und daruber hin- 

aus betreibbar ist, zum Offnen samtlicher Ma- 
gnetventile, wenn der Sauerstoffversorgungs- 
mangel von dem Steuerventil um eine zweite, 
groi3ere Menge kleiner ist als die Menge, die 

40 erforderlich ist, um die fortbestehende Lastan- 

forderung zu stutzen. 

4. Verfahren zur Sauerstoffversorgung eines 
Brennstoffzellensystems (2) einer 

45 Brennstoffzellen-Stromerzeugungsanlage wah- 

rend ausgedehnter Betriebsperioden, wobei 
das Verfahren die folgenden Schritte aufweist: 

(a) Einblasung der erforderlichen Zufuhrung 
von Sauerstoff durch eine Leitungseinrich- 

50 tung (12) zu einer Oxidationsseite (4) des 

Brennstoffzellensystems (2); 

(b) fortlaufende Uberwachung der Lastanfor- 
derung, die dem Brennstoffzellensystem 
(2) auferlegt ist; 

55 (c) fortlaufende Uberwachung des Sauer- 

stoffdurchsatzes in das Brennstoffzellensy- 
stem (2); 

(d) periodisches Vergleichen gemessener 



7 



11 



EP 0 293 007 B1 



12 



Lasten und gemessener Sauerstoffdurchsat- 
ze mit einer vorausberechneten Stromungs- 
vorgabe (W) fur den stabilen Zustand und 
Vergleichen der gemessenen Sauerstoff- 
durchsatzabweichungen von der Stro- 5 
mungsvorgabe fur den stabilen Zustand; 

(e) alimahliches Erhohen der Sauerstoff- 
durchsatze zum Brennstoffzellensystem, 
wenn die gemessenen Sauerstoffdurchsatz- 
abweichungen kleiner als ein erster vorbe- w 
stimmter Wert sind, durch zunehmendes 
Offnen eines motorisierten Steuerventils 

(14) in der Leitungseinrichtung (12); und 

(f) gleichzeitige, im wesentlichen augen- 
blickliche Bereitsteilung einer erhohten Sau- is 
erstoffstromung, um die Sauerstoffdurchsat- 

ze zum Brennstoffzellensystem (2) zu erho- 
hen, wenn die Sauerstoffdurchsatzabwei- 
chungen den ersten, vorbestimmten Wert 
uberschreiten, durch Offnen einer schnell 20 
agierenden Ventileinrichtung (A,B,C,D), die 
in einer das Steuerventil (14) umgehenden 
Abzweigleitungseinrichtung 
(22,24,26,28,30,32) angeordnet ist. 

25 

5. Verfahren nach Anspruch 4, daruber hinaus 
aufweisend den Verfahrensschritt, dafi die er- 
hohte Sauerstoffstromung im wesentlichen au- 
genblicklich beendet wird, wenn die Sauerstoff- 
durchsatzabweichungen unterhalb eines zwei- 30 
ten, vorbestimmten Wertes liegen, wobei der 
zweite, vorbestimmte Wert kleiner ist als der 
erste, vorbestimmte Wert. 

6. Verfahren nach Anspruch 5, weiterhin aufwei- 35 
send den Verfahrensschritt, daB das allmahli- 

che Erhohen der Sauerstoffdurchsatze nach 
Beendigung der erhohten Sauerstoffstromung 
bis zu der Zeit fortgesetzt wird, wenn die ge- 
messenen Sauerstoffdurchsatze ubereinstim- 40 
men mit der vorausberechneten Stro mungs- 
vorgabe (W) fUr den stabilen Zustand, und dal3 
danach eine gleichbleibende Sauerstoffstro- 
mung vorgesehen wird. 

45 

Revendicatlons 

1. Dispositif de fourniture d^nergie, a pile a com- 
bustible, comportant un systeme pour fournir 
de Toxygene a un cote oxydation (4) des piles 50 
situ^es dans le dispositif, ledit systeme com- 
prenant : 

(a) un conduit (12) pour amener Poxygene 
audit cote* oxydation (4) dudit dispositif; 

(b) une soufflante (10) a vitesse constante, 55 
relive audit conduit (12), pour fournir le d6- 

bit requis d'oxygene; 

(c) une valve de commande motorise'e (14). 



situSe dans ledit conduit (12), entre ladite 
soufflante (10) et ledit cote oxydation (4), 
ladite valve de commande 4tant reglable de 
fagon a faire varier la quantite d'oxygene 
s'ecoulant vers ledit cote oxydation; 

(d) des conduits d'embranchement 
(22,24,26,28,30,32) dSbouchant dans ledit 
conduit (12), pour produire un chemin 
d'^coulement d'oxygene allant de ladite 
soufflante (10) audit cote oxydation (4), qui 
constitue une derivation de la valve de com- 
mande (24); 

(e) une soupape a action rapide (A,B,C,D), 
montee dans ledit conduit d'embranche- 
ment, ladite soupape a action rapide etant 
transformable, de fagon relativement instan- 
tan^e, d'un etat ferme* a un etat ouvert et 
inversement, et ladite soupape a action ra- 
pide etant normalement dans ledit etat fer- 
me; 

(f) un d^bitmetre (20), mont6 dans ledit 
conduit (12), pour mesurer les quantites 
d'oxygene s'ecoulant depuis la valve de 
commande (14) et les soupapes a action 
rapide (A,B,C,D) vers le cote oxydation (4); 

(g) un moyen de surveillance de courant 
(34), relie a une ligne de charge, depuis le 
dispositif de fourniture d'£nergie, pour sur- 
veiller les variations de charge selon les 
piles (2) situees dans le dispositif de fourni- 
ture d'energie; et 

(h) un microprocesseur (18), pour comman- 
der le fonctionnement dudit systeme, ledit 
microprocesseur etant relie fonctionnelle- 
ment audit moyen de surveillance de cou- 
rant (34), audit debitmetre (20), auxdites 
soupapes a action rapide (A,B,C,D) et a 
ladite valve de commande (14), ledit micro- 
processeur etant susceptible de fonctionner 
pour : 

(i) recevoir des donnees de charge et 
d'^coulement d'oxygene provenant des- 
dits moyens de surveillance (34) et de 
capteur de d§bit (20), respectivement; 

(ii) determiner de fagon continue si la 
valve de commande (14) est en mesure 
de fournir suffisamment d'oxygene pour 
satisfaire les demande de charge exi- 
gees; 

(iii) ouvrir ladite valve de commande (14) 
de fagon incr^mentielle, lorsque ladite 
valve de commande peut fournir inde- 
pendamment plus d'oxygene, d'une ma- 
niere cadencee en fonction du temps, 
pour r6agir a la demande accrue de 
charge; et 

(iv) ouvrir ladite soupape a action rapide 
(A f B,C,D) et, simultanement, ouvrir ladite 
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valve de commande (14), de fagon conti- 
nue, lorsque ladite valve de commande 
ne peut fournir, indSpendamment, une 
quantite accrue d'oxygene, de maniere 
cadencee en fonction du temps, pour 5 
reagir a la demande accrue de charge, 
de maniere a ce que le dispositif de 
fourniture d'§nergie ne souffre pas d'un 
manque d'oxygene pendant les augmen- 
tations transitoires de la demande de w 
charge. 

Dispositif selon la revendication 1, dans lequel 
ledit microprocesseur (18) est en outre sus- 
ceptible de fonctionner pour termer ladite sou- 15 
pape a action rapide (A.B.C.D) lorsque le dSbit 
d'oxygene existant provenant de ladite sou pa- 
pe a action rapide et de ladite valve de com- 
mande (14) atteint une valeur introduite au 
prealable, qui est une quantite precalculee, 20 
pouvant supporter la demande de charge exis- 
tant simultanement. 

Dispositif selon Tune quelconque des revendi- 
cations 1 et 2, dans lequel ladite soupape a 25 
action rapide (A.B.C.D) comprend une pluralite 
d'electrovannes et dans lequel ledit micropro- 
cesseur (18) peut fonctionner pour ouvrir, 
moins que la totalite desdites electrovannes, 
lorsque le manque d'alimentation en oxygene 30 
depuis ladite valve de commande a une pre- 
miere valeur inferieure precalculee, inferieure a 
celle qui est requise pour supporter la deman- 
de de charge en cours, et peut fonctionner en 
outre pour ouvrir la totalite* desdites electrovan- 35 
nes, lorsque le manque d'alimentation en oxy- 
gene depuis ladite valve de commande a une 
deuxieme valeur superieure, inferieure a celle 
requise pour supporter la demande de charge 
en cours. 40 

ProcSde* pour fournir de I'oxygene a un syste- 
me a pile a combustible (2) d'un dispositif de 
fourniture d'£nergie a pile a combustible, du- 
rant des periodes de fonctionnement etendues, 45 
ledit procSde* comprenant les Stapes de : 

(a) soufflage du debit requis d'oxygene, par 
rintermediaire d'un conduit (12), a un cote 
oxydation (4) dudit systeme a pile a com- 
bustible (2); 50 

(b) surveillance continue de la demande de 
charge imposee audit systeme a piles a 
combustible (2); 

(c) surveillance continue du debit d'oxygene 
introduit dans ledit systeme a piles a com- 55 
bustible (2); 

(d) comparaison periodique des charges 
mesurees et des debits d'oxygene mesurSs 



avec un modele a ecoulement en etat per- 
manent (W) precalcule et comparaison des 
hearts sur le dSbit d'oxygene mesure a 
partir dudit modele a ecoulement en etat 
permanent; 

(e) augmentation graduelie des debits 
d'oxygene introduits dans le systeme a pi- 
les a combustible, lorsque les hearts de 
d6bit d'oxygene mesure* sont infeVieurs a 
une premiere valeur predeterminee, par une 
ouverture incremented d'une valve de com- 
mande motorisee (14) placee dans ledit 
conduit (12); et 

(f) fourniture simultanee et pratiquement ins- 
tantanee d'un courant d'oxygene augmente 
pour augmenter les debits d'oxygene allant 
au systeme de pile a combustible (2)), lors- 
que lesdits ecarts de debit d'oxygene de- 
passent ladite premiere valeur predetermi- 
nee, par ouverture de la soupape a action 
rapide (A,B,C,D) dispose dans le conduit 
d'embranchement (22,24,26,28,30,32) en 
operant une derivation de ladite valve de 
commande (14). 

5. Procede selon la revendication 5, comprenant 
en outre I'etape d'achevement pratiquement 
instantanee de la fourniture d'un courant d'oxy- 
gene augmente, lorsque lesdits ecarts de debit 
d'oxygene descendent au-dessous d'une 
deuxieme valeur predeterminee qui est elle- 
meme inferieure a ladite premiere valeur pre- 
determinee. 

6. ProcSde* selon la revendication 6, comprenant 
en outre I'etape de continuation de Paugmenta- 
tion graduelie des debits d'oxygene apres 
I'achevement de la fourniture d'un courant 
d'oxygene augmente, jusqu'a atteindre le mo- 
ment auquel les debits d'oxygene mesures se 
conforment au modele d'ecoulement en etat 
permanent (W) pr6calcule\ et fournir ensuite un 
ecoulement d'oxygene constant. 
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